Conformational thermodynamic and kinetic parameters of methyl-substituted 1,3-butadienes.
The s-trans/s-cis conformational equilibria of 10 methyl-substituted 1,3-butadienes [(E)- and (Z)-1,3-pentadiene; 2-methyl-1,3-butadiene; (E)-2-methyl-1,3-pentadiene; 2,3-dimethyl-1,3-butadiene; (E,E)-, (E,Z)-, and (Z,Z)-2,4-hexadiene; 2,5-dimethyl-2,4-hexadiene; and (E,E)-2,4-dimethyl-2,4-hexadiene] were explored by trapping high-temperature conformational equilibria by cryogenic deposition. The vapor state enthalpy differences of these s-trans/s-cis conformers, DeltaH(t equilibrium c), were determined by varying the equilibrating temperature and integrating the resulting matrix isolated IR spectra. The results obtained are in good agreement with ab initio calculations at the G3 level. From these thermodynamic parameters, methyl group nonbonded interactions in conjugated 1,3-butadienes were delineated. Rates of decay of s-cis conformers to their s-trans rotamers were obtained in the solid-state by warming up trapped high-temperature equilibrated samples formed from neat depositions. These data were analyzed in terms of dispersive kinetics with matrix site effects in the solid-state modeled by a Gaussian distribution of activation energies. The activation barriers thus obtained were compared with G3 calculations of the enthalpies of activation.